Introduction {#S0001}
============

Femoral intertrochanteric fractures affect patients from middle old-age, especially the elderly. Because of severe osteoporosis, it is very prone to be caused by low-energy trauma.[@CIT0001] As the population aging intensifies, the incidence of intertrochanteric fractures increased year by year. There are estimated to be 6.26 million fractures worldwide by 2050, and half of them in Asia.[@CIT0002] Traditional bedridden conservative treatment may lead to high incidence of complications and mortality due to immobilization.[@CIT0003],[@CIT0004] In order to enable patients to get out of bed early, surgical treatment is essential.

At present, intramedullary nailing under fluoroscopy has become the standard treatment for intertrochanteric fractures due to its good mechanical properties and minimally invasive procedure,[@CIT0005] especially in unstable fractures. However, with the increase of intramedullary nail application, the number of implant failures has also increased gradually, which was reported to be up to 20.5%.[@CIT0006] As one of the common complications, cortical impingement caused by the over contact of the tip of the nail and the femoral cortex may often lead to thigh pain and even fractures of the femoral shaft, which seriously affect postoperative rehabilitation and limb function of patients.[@CIT0007],[@CIT0009] Previous studies have reported a higher incidence in the Asian population,[@CIT0010] which may be attributed to the differences of bone morphology and mismatch of implant. As it is well known, Asian femurs are smaller than Caucasian and have a larger anterior bow.[@CIT0011] As a result, the Asian type of proximal femoral nail antirotation (PFNA) has become the first choice of treatment.[@CIT0012] However, the cortical impingement remains problematic, especially for short nails less than 240 mm. Chang et al[@CIT0013] had reported that nearly 40% of Chinese patients had the phenomenon of anterior cortical impingement. Whereas little has been known about risk factors for anterior cortical impingement in Chinese elderly intertrochanteric fracture patients stabilized with an intramedullary nail. Therefore, we retrospectively analyzed a group of patients with intertrochanteric fractures treated by intramedullary nailing in our hospital, to explore the risk factors for the anterior cortical impingement, hoping to provide a suggestions for surgical treatment.

Patients and Methods {#S0002}
====================

Subjects {#S0002-S2001}
--------

A retrospective review of consecutive patients who had been diagnosed as intertrochanteric fracture (International Classification of Diseases, 9th edition, code: 820) at our institution was conducted from January 2019 to November 2019. One-hundred and thirty patients were included, with 46 males and 84 females. The inclusion criteria was that diagnosed as intertrochanteric fractures by X-ray or CT, and the fractures were caused by low-energy trauma. The exclusion criteria included: 1) patients were under the age of 50, 2) patients with the surgical contraindications but no surgical treatment was performed, 3) patients were not treated with intramedullary nail, 4) patients had malignancy, rheumatoid arthritis, metabolic bone disease, or other non-osteoporotic fractures, 5) patients died within half a year after the operation and did not complete the follow-up, and 6) patients were reluctant to participate in studies or lost to follow-up. Based on the criteria above, 94 patients were finally included in the study ([Figure 1](#F0001){ref-type="fig"}).Figure 1Flowchart for inclusion and exclusion of patients.

Operation of Intramedullary Nailing {#S0002-S2002}
-----------------------------------

Patients were operated on in supine position on a radiolucent traction fracture table. All patients received a single dose of 1,500 mg cefuroxime 30 minutes prior to surgery as antibiotic prophylaxis. The procedures were performed under fluoroscopy guidance. Patients underwent closed reduction with the assistance of a traction table and closed manipulation techniques. After routine skin preparation and draping, the guide wire was inserted from the tip of the greater trochanter, followed by reaming of the proximal femur. If the satisfactory reduction failed to be achieved by a closed maneuver, a limited incision would be made for mini-open reduction with reduction instruments. Cephalomedullary nails of the optimal length, selected according to the preoperative planning, were inserted into the femoral medullary cavity. A distal locking screw was inserted under the guidance of the nail specification. The fracture and implant position were checked by fluoroscopy. No additional fixations were necessary. Dynamic fixation for all distal screws was performed under the guidance of the target arm.

Radiographic Measurements {#S0002-S2003}
-------------------------

The position of the axial extension line of the intramedullary nail in the femoral medullary cavity was measured on the lateral view. The first 1/3 from the anterior to the posterior was defined as anterior, the middle was defined as median, and the last 1/3 was defined as posterior.[@CIT0008] Subsequently, in the CT imaging data, the layer just disappeared at the end of the intramedullary nail was determined in the horizontal position of the femoral marrow cavity. At the upper level of this layer, the medullary cavity was divided into three equal parts from anterior to posterior. If the end of the nail was located anteriorly, that was recorded as anterior. The anterior and posterior was defined as cortical impingement, while the middle of the medullary cavity was defined as match. According to the definition above, patients were divided into the impinged and matched group.

Data Collection {#S0002-S2004}
---------------

Clinical parameters, such as age, gender, height, weight, body mass index (BMI), type of internal fixation, ASA score, position of suffered limb, length of hospital stay, length of nail, and the entry point of nail were collected. Complications were recorded during the follow-up. The fracture types were described by AO classification,[@CIT0014] and the X-ray and CT imaging data were evaluated by two senior attending surgeons respectively. Two weeks later, the evaluation was repeated. If the result was consistent with the previous one, the fracture types were adopted as the final result. If the results were inconsistent, it was determined by a chief surgeon. The bone quality was assessed by the Singh index[@CIT0015] of the uninjured hip. Reduction quality was evaluated using the criteria established by Baumgaertner et al.[@CIT0016] The tip apex distance (TAD)[@CIT0017] was used to evaluate the implant position. The entry point of the nail was measured on the postoperative plain film of lateral view. According to the axis of nail in the position of the proximal femoral medullary cavity, the anterior 1/3 was defined as anterior, the middle was defined as medial, and the posterior 1/3 was defined as posterior.[@CIT0008]

Statistical Analyses {#S0002-S2005}
--------------------

SPSS (22.0 version, IBM Corporation, Armonk, NY) statistical software was used for data analysis. A descriptive analysis of the variables was performed and its results were expressed as percentages and proportions, or mean with standard deviation (mean±SD). The univariate significance of the comparison between the impinged and matched group was established through *t*-test for continuous variables and *χ*^2^-tests for categorical variables. Risk factors for anterior cortical impingement were expressed by OR and 95% confidence intervals (CI) through logistic regression. *P*\<0.05 was defined as significant in all tests.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

Ninety-four patients were included for analysis, including 27 (28.7%) males and 67 (71.3%) females. The age ranged from 52--97 years, with an average age of 79.99±9.35, and the mean follow-up was 8.7 months. Baseline characteristics of patients divided into impinged and matched group are presented in [Table 1](#T0001){ref-type="table"}. The number of elderly female patients with intertrochanteric fractures was significantly higher than that of male patients, and the number of anterior cortical impingement complications is also significantly higher than that of male patients (80.4% vs 18.6%). Other parameters, including age, suffered limb, height, weight, and BMI showed no difference between the two groups, and the same after gender stratification.Table 1Baseline Characteristics among Patients with Impinged and Matched Group (Mean±SD)ParametersImpinged Groups (n=51)Matched Groups (n=43)*P*-valueGender0.041\* Male10 (19.6%)17 (39.5%) Female41 (80.4%)26 (60.5%)Age (years)80.12±10.4279.88±8.440.905 Male80.18±9.6178.70±6.830.646 Female80.08±11.1080.17±8.450.971Suffered limb Left24 (47.1%)21 (48.8%)0.514 Right27 (52.9%)22 (51.2%)Height (cm)1.62±0.071.61±0.070.511 Male1.68±0.051.71±0.050.207 Female1.58±0.051.59±0.050.676Weight (kg)60.76±13.1061.14±12.740.887 Male63.15±9.5666.50±9.710.395 Female59.19±14.9359.83±13.140.859BMI (kg/m^2^)23.12±4.7423.63±4.950.615 Male22.40±3.3822.77±2.940.772 Female23.57±5.4723.84±5.340.775[^2][^3]

Differences between Two Groups of Clinical and Radiographic Parameters {#S0003-S2002}
----------------------------------------------------------------------

By comparing the two groups of clinical and radiographic parameters, we found that the length of nail was significantly different ([Table 2](#T0002){ref-type="table"}). The lngth of nail in the impinged group was much longer than the matched group. Further analysis revealed that nails with a length of more than 200 mm were used significantly more in the impinged group (96.2% vs 73.3%), while nails with a length of more than 240 mm accounted for a higher proportion (22.6% vs 6.6%). Other parameters including the entry point, ASA score, Singh index, fracture types, reduction quality, implant types, length of stay, and implant failure showed no difference between impinged and matched groups. However, the ratio of poor reduction and implant failure were higher in the impinged group. There were seven patients (13.7%) with implant failure in the impinged group, with only one patient (2.3%) in the matched group. Typical periprosthetic femoral fracture a month postoperatively are shown in [Figure 2](#F0002){ref-type="fig"} and another developed cut out of the lag screw a year after the operation is shown in [Figure 3](#F0003){ref-type="fig"}. Then, male and female subgroups were assessed again, and similar results were observed only in the female subgroup ([Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"}), 97.6% of nails were longer than 200 mm in the impinged group.Table 2Difference between Two Groups of Clinical and Radiographic Parameters (Mean±SD)ParametersImpinged Groups (n=51)Matched Groups (n=43)*P*-valuePercentage of nail length0.001\* 1702 (3.8%)12 (26.7%) 20039 (73.6%)30 (66.7%) 24012 (22.6%)3 (6.6%)Entry point0.386 Anterior2 (3.9%)3 (7.0%) Middle38 (74.5%)35 (81.4%) Posterior11 (21.6%)5 (11.6%)ASA score0.92 I18 (35.3%)14 (32.6%) II17 (33.3%)13 (30.2%) III10 (19.6%)11 (25.6%) IV6 (11.8%)5 (11.6%)Singh index0.837 I22 (43.1%)23 (53.5%) II15 (29.4%)10 (23.3%) III6 (11.8%)3 (6.9%) IV6 (11.8%)5 (11.6%) V2 (3.9%)2 (4.7%)Fracture classification0.364 Type of A113 (25.5%)14 (32.6%) Type of A236 (70.6%)25 (58.1%) Type of A32 (3.9%)4 (9.3%)Reduction quality0.799 Good23 (45.1%)20 (46.5%) Acceptable21 (41.2%)19 (44.2%) Poor7 (13.7%)4 (9.3%)Implantation0.216 PFNA43 (84.3%)36 (83.7%) Intertan2 (3.9%)5 (11.6%) TFNA5 (9.8%)2 (4.7%) Gamma31 (2%)0 (0%) TAD (mm)21.08±5.6121.45±7.140.33 Length of stay (days)11.17±15.598.79±3.020.781 Implantation failure7 (13.7%)1 (2.3%)0.067[^4][^5] Table 3Comparison between Clinical and Radiographic Parameters among the Impinged and Matched Group in Male Patients (Mean±SD)ParametersImpinged Groups (n=0)Matched Groups (n=17)*P*-valuePercentage of nail length0.506 17002 (11.8%) 2009 (90%)14 (82.3%) 2401 (10%)1 (5.9 %)Entry point0.704 Anterior1 (10%)3 (17.6%) Middle6 (60%)11 (64.8%) Posterior3 (30%)3 (17.6%)ASA score0.691 I4 (40%)6 (35.3%) II4 (40%)5 (29.4%) III1 (10%)5 (29.4%) IV1 (10%)1 (5.9 %)Singh index0.391 I5 (50%)9 (52.9 %) II4 (40%)3 (17.6%) III1 (10%)2 (11.9%) IV03 (17.6%) V00Fracture classification0.31 Type of A13 (30%)2 (11.8 %) Type of A27 (70%)13 (76.4%) Type of A302 (11.8%)Reduction quality0.496 Good3 (30%)6 (35.3%) Acceptable4 (40%)9 (52.9%) Poor3 (30%)2 (11.8%)Implantation0.371 PFNA10 (100 %)14 (82.3%) Intertan02 (11.8%) TFNA01 (5.9 %) Gamma300 TAD (mm)25.25±6.7823.66±8.080.607 Length of stay (days)18.70±34.947.65±3.120.358 Implantation failure2 (20%)00.128[^6] Table 4Comparison between Clinical and Radiographic Parameters among the Impinged and Matched Group in Female Patients (Mean±SD)ParametersImpinged Groups (n=41)Matched Groups (n=26)*P*-valuePercentage of nail length0.002\* 1701 (2.4%)8 (30.8%) 20029 (70.8%)16 (61.5%) 24011 (26.8%)2 (7.7%)Entry point0.285 Anterior1 (2.4%)0 Middle32 (78.0%)24 (92.3%) Posterior8 (19.5%)2 (7.7%)ASA score0.979 I14 (34.1%)8 (30.8%) II13 (31.7%)8 (30.8%) III9 (22%)6 (23.0%) IV5 (12.2%)4 (15.4%)Singh index0.623 I17 (41.5%)14 (53.8%) II11 (26.8%)7 (27.0%) III5 (12.2%)1 (3.8%) IV6 (14.6%)2 (7.7%) V2 (4.9%)2 (7.7%)Fracture classification0.13 Type of A110 (24.4%)12 (46.2%) Type of A229 (70.7%)12 (46.2%) Type of A32 (4.9%)2 (7.6%)Reduction quality0.909 Good20 (48.8%)14 (53.8%) Acceptable17 (41.4%)10 (38.5%) Poor4 (9.8%)2 (7.7%)Implantation0.28 PFNA33 (80.5%)21 (80.8%) Intertan2 (4.9%)4 (15.4%) TFNA5 (12.2%)1 (3.8%) Gamma31 (2.4%)0 TAD (mm)20.06±4.8619.99±6.180.961 Length of stay (days)9.32±3.429.54±2.760.782 Implantation failure5 (12.2%)1 (3.8%)0.392[^7][^8] Figure 2(**A**) Preoperative X-ray showing intertrochanteric fracture. (**B**) Postoperative X-ray showing poor reduction, the lateral position shows that the anterior cortex of the femur was obviously cortical encroachment. (**C**) One month later, the patient fell down resulting in fracture around the intramedullary nail of the femoral shaft.Figure 3(**A**) Preoperative X-ray showing intertrochanteric fracture. (**B**) Postoperative X-ray showing reduction was acceptable. The lateral position showed the anterior cortex of the femur was obviously cortical encroachment. (**C**) The cut out of lag screw was found at one year of postoperative follow-up.

Risk Factors for Anterior Cortical Impingement in Intertrochanteric Fractures {#S0003-S2003}
-----------------------------------------------------------------------------

Through multi-factor logistic regression analysis, gender (as a female patient) and length of nail were significant risk factors for anterior cortical impingement in intertrochanteric fracture patients treated with intramedullary nail (OR=2.662, 95% CI =1.010--7.018, *P*=0.447; OR=1.047, 95% CI =1.016--1.079, respectively). Gender was separated and then analyzed, and we found that only the length of nail was a risk factor for anterior cortical impingement in female intertrochanteric fracture patients treated with an intramedullary nail (OR=1.051, 95% CI =1.015--1.089) ([Table 5](#T0005){ref-type="table"}).Table 5Risk Factors for Cortical Impingement by Logistic RegressionParameterOdds Ratio95% Confidence Interval*P*-valueTotalGender2.6621.010--7.0180.0477Length of nail1.0471.016--1.0790.0031FemaleLength of nail1.0511.015--1.0890.0053

Discussion {#S0004}
==========

Anterior cortical impingement is a common phenomenon after intramedullary fixation in Asian patients with intertrochanteric fractures.[@CIT0012],[@CIT0013],[@CIT0018],[@CIT0020],[@CIT0021] Chang et al[@CIT0013] reviewed 158 Chinese patients and found that the incidence of anterior femoral cortical impingement was 34.8%. In this study, we found that anterior cortical impingement is popular in Chinese elderly patients with intertrochanteric fracture stabilized with an intramedullary nail. The incidence of anterior cortical impingement was 54.3%, and more frequent in females, with an incidence of 80.4%. The implant failure rate was higher in the impinged group. Hence, to explicit anterior cortical impingement of related risk factors is very important to patient treatment strategies.

Based on our findings, the length of nail and being female are the risk factors for the anterior cortical impingement. The majority (54.3%) of the patients suffered from femoral anterior cortical impingement and the incidence of cortical impingement increased as the length of short nail (from 170 mm to 240 mm) increased. This result is consistent with previous research, 120 patients with hip fracture underwent a CT scan and 3D reconstruction in Zhang et al[@CIT0018] research, and the incidences of anterior cortical impingement were 71.4%, 77.4%, and 80% in 170-mm, 200-mm, and 240-mm groups, respectively. Results from our previous research revealed greater femoral curvature and longer femoral bone marrow cavity isthmus in the Chinese population.[@CIT0011] However, available short nails are mainly straight designs.[@CIT0018] Therefore, as the nail length increases, the risk of impingement caused by nail tip will inevitably increase, which is consistent with the results of this study. So we can conclude that shorter intramedullary nails may be a more advantageous option for treatment of intertrochanteric fractures. Besides, being an older Chinese female was another significant risk factor, and the possible reason may be the difference in femoral morphology in older women. In a retrospective analysis of 150 patients with proximal femoral fractures, Roberts et al[@CIT0008] found that low height and a large femoral bow were risk factors for anterior cortical impingement. There was a 49% likelihood of cortical impingement if the height was less than 160 cm. Su et al[@CIT0011] found that femoral length and radius were smaller in femaless through further study of anatomical parameters. Female with lower height had a larger anterior bow of the femur, which leads to the anterior cortical impingement between the nail tip and anterior cortex. Therefore, it may be beneficial to select shorter nails for elderly Chinese women with lower height if possible.

The rate of implant failure was high in the impinged group. Fractures related to a stress riser at the nail tip associated with cortical impingement have been reported,[@CIT0022] but only a few studies focused on the relationship between cortical impingement and implant failure. Mori et al[@CIT0021] retrospectively analyzed 169 patients with stable fractures, and found that anterior cortical impingement caused internal fixation failure and delayed fracture healing significantly. Similar results were observed in our study, the incidence of implant failure was significantly higher in the impinged group comparing with the matched group, as the failure rate of internal fixation in the cortical impinged group was 6-times higher than that in the matched group. It is proposed that stress concentration on the femoral cortex applied by the tip of the nail, which alters the mechanical environment around the nail, may be the reason of impingement related femoral fractures. Besides, with poor reduction, the force is transmitted to the cortex through the implant instead of the femur itself, which may cause fracture under minor injuries. Chen et al[@CIT0023] also reported that the existence of mismatch between the morphology of the femur and the implanted nail not only makes the operation more difficult, but also leads to serious implant related complications for patients. Therefore, it is crucial to pay more attention to the selection of appropriate intramedullary nail for elderly female patients, in order to facilitate intramedullary nail implantation and reduce complications.

Peña et al[@CIT0009] found that the posterior nail start site was an incidental factor related with cortical impingement. Roberts et al[@CIT0008] believed that the posterior entry point increases the angle at which the nail is inserted, leading to over contact between the nail and the anterior cortex of the femur. However, no significant difference was discovered in our study. The reason may account for the low proportion of poor entry point in our series. But the proportion of posterior start site in the impinged group was higher than that in the matched group. Hence, avoiding a posterior entry point is still suggested to reduce cortical impingement and implant failure.

There are some limitations in this study. The relatively small sample size and the nature of retrospective studies limits the level of evidence of our study. However, strict inclusion and exclusion criteria and complete follow-up ensured the high quality of the study data. In addition, the follow-up of the patients in this study is short, but the implant failure generally occurs within 3 months, and with the extension of follow-up, the number of patients lost to follow-up increased, which may affect the results. Therefore, we chose to follow up for at least 6 months, which not only ensured the response rate of follow-up, but also included all adverse results. Finally, this study is an observational study of risk factors, without quantified specific values, and further refinement is needed in future studies.

Conclusion {#S0005}
==========

In conclusion, there is a high incidence of anterior cortical impingement in Chinese patients with intertrochanteric fracture stabilized with a short intramedullary nail, especially in females. Moreover, the intramedullary nail length is a risk factor for anterior cortical impingement. More implant failures were noticed in the cortical impinged group. In consideration of this issue, caution should be paid in the treatment with this specific population, including selection of nail length as well as the entry point.
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